ABSTRACT Botryococcus braunii has long been known as a prodigious producer of liquid hydrocarbon oils that can be converted into combustion engine fuels. This draft genome for the B race of B. braunii will allow researchers to unravel important hydrocarbon biosynthetic pathways and identify possible regulatory networks controlling this unusual metabolism.
T
he oil-producing traits of the colony-forming green microalga Botryococcus braunii have attracted study since the 19th century (1) . In the late 20th century, morphologically similar strains were differentiated into three chemically distinct "races" (A, B, L) defined by the types of oils biosynthesized (alkadienes, botryococcenes, lycopadiene) in each race (2) . B. braunii remnants have been identified in organic sediments dating from the Precambrian to the Permian period (3), indicating that B. braunii contributed material to petroleum formations (4). Like petroleum, B. braunii oil can be catalytically cracked, yielding fuel-range distillates (5, 6) . Renewable fuel interests are currently driving B. braunii genomic research, and here we present an early release draft genome of the B. braunii race B (Showa) strain, which has an estimated size of 166.2 Ϯ 2.2 Mb (7).
Genomic DNA was extracted and used to construct four Illumina libraries. First, a 2 ϫ 250-bp paired-end library constructed from 800-bp fragments was sequenced to 700ϫ coverage on an Illumina HiSeq 2500 platform. Second and third, 2 ϫ 150-bp mate-pair libraries with 1.5-kb and 4-kb inserts were sequenced to 200ϫ and 150ϫ coverage on a HiSeq 2000. Fourth, a 2 ϫ 300-bp mate-pair library with a 15-kb insert was sequenced to 3ϫ coverage on an Illumina MiSeq. Two PacBio SMRTbell libraries were also constructed and sequenced to 200ϫ coverage on the PacBio RS II platform.
The PacBio data were assembled with FALCON-Unzip, and the resulting sequences were polished using Quiver (8) . To detect misassemblies, the 15-kb library was aligned to the sequences and clone coverage at each base computed. Nineteen misassemblies were detected and broken. The Illumina data were assembled with DISCOVAR. Sequences were identified in the DISCOVAR assembly that were not present in the FALCON assembly. The DISCOVAR assembly was masked using 24-mers from the FALCON assembly, and 487 unmasked sequences (1.396 Mb) were extracted. These sequences were combined with the broken FALCON assembly and scaffolded with the 15-kb library using SSPACE (9) . Finally, the assembly was error-corrected using the Illumina data. Analysis revealed 523 scaffolds (19.8 Mb) that did not share a significant number of 24-mers with the rest of the assembly. These sequences were aligned to the NCBI NR database, identified as prokaryotic contamination, and removed from the assembly. Mitochondrial and chloroplast sequences (10) were removed prior to the assembly.
The final draft assembly consists of 184,385,342 bp in 2,752 scaffolds (N 50 ϭ 373 kb) with 49.6% GϩC content and 1,148 gaps (4.611 Mb). There are 18,726 predicted genes with a mean of 5.7 exons per gene, a median exon length of 178 bp, and a median intron length of 578 bp. The 1,437 scaffolds with no genic content (the largest is 49,840 bp) account for 6,183,350 bp. This assembly provides a strong basis for functional and comparative analyses and will help elucidate the genetic basis of oil metabolism in B. braunii. Accession number(s). This whole-genome shotgun project has been deposited at DDBJ/ENA/GenBank under the accession number MVGU00000000. The version described in this paper is the first version, MVGU01000000.
